Objective: To assess cognitive and behavioral development at preschool age of children born preterm and with low birth weight and raised in a developing country.
Introduction
Most of the studies published in the literature concerning follow-up of preterm newborns focus mainly on aspects of motor development. Furthermore, services generally provide follow-up for 2 years, as at this age most of the neurological and sensory abnormalities could be easily identified. 1 However, after the nineties, with the advances that resulted in a longer survival of preterm newborns, the early recognition of cognitive and behavioral deficits in this population with higher risks of adversities in the long term follow-up became significant in terms of quality of future life. 2, 3 As intellectual, social and emotional skills are required to an effective functioning in school, deficits in development become particularly evident when children reach preschool age. 4 Studies indicate that low birth weight preterm children show a significantly poorer school performance when compared to children of the same age. [4] [5] [6] [7] [8] [9] Premature birth may affect school performance through cognitive and behavioral problems, especially by perceptive disorders of attention and hyperactivity. 10 Data regarding the neuropsychological status of preterm newborns are available in the literature but the majority of these studies were conducted in developed countries. 4, 5, 7, [9] [10] [11] [12] Few studies of follow-up regarding school or preschool performance of very low birth weight preterm infants were published involving South American populations, 8 where specialized health care resources for following this particular population are generally not available.
The main objective of this study was to assess cognitive and behavioral development at preschool age of low birth weight preterm children born and raised in a developing country.
Methods
This is a cross-sectional study of infants born preterm (less than 37 gestational weeks) and with low birth weight (less than 2,500 grams), selected from a birth cohort from the Neonatal Intensive Care Unit of Hospital São Lucas at Pontifícia
Universidade Católica do Rio Grande do Sul (PUCRS). All patients were admitted through the Brazilian National Health System (Sistema Único de Saúde, SUS) and were classified as persons with low socioeconomic status.
During the year 1999, 222 low birth weight preterm infants were admitted; out of these, 25 died before discharge.
Respectively, 60 to 70% of these patients were regularly being followed at the neurodevelopment outpatient clinic of the same institution between 1999 and 2000. 13 Children who had previous neurological disorders at the neonatal period (n = 22), visual or hearing deficit, comprehensive language disorders or severe mental deficiency that made them unable to perform tasks required from the neuropsychological assessment were excluded. After an active search for mailing addresses, patients were invited to participate in the study; letters were sent even to the ones that were not regularly being followed. patients was calculated with a confidence interval of 95%.
The study was approved by the Research Ethics Committee of PUCRS and patients were included after the signature of informed consent.
Results
From the 1999 birth cohort, 175 patients were eligible for the study and 31 were unavailable after a search for mailing address and telephone. Based on the previous sample calculation, the first 40 males and 40 females who scheduled appointments, whether regularly followed or not, were included in the study. Among the patients included, 50 were being followed since discharge and 30 had not been regularly followed during the first years of life.
Regarding the perinatal data, out of the 80 infants evalu- Comparing total IQ to the score previously obtained in the Bayley Mental Scale, Denver test and neurological examination, a significant association was observed between these variables and lower IQ ( Table 2 ).
The indexes obtained in the CPRS-R are shown in Table 3 . Neurological examination performed at 4-5 years of age was considered abnormal in 10 patients (2 girls and 8 boys) Low birth weight preterm children at preschool age -do Espírito Santo JL et al. 38 In this study we observed that 60% of the low birth weight preterm infants from our cohort obtained high scores in the Conners' scale, suggesting the existence of a behavioral or emotional problem, among them 48% had behavioral alterations suggestive of ADHD at age 4-5 years. Intellectual level was predominantly classified in average and low-average.
Alterations of Bayley Mental Scale previously applied were related to outcome with both cognitive and behavioral problems. Criteria for attention deficit were prevalent in the female sex; however, neurological problems were more prevalent in the male sex.
Limitations of this study could be related to loss of children during the years of follow-up and the absence of a control group. However, as invitation letters were sent to the entire cohort, strict exclusion criteria were used and the study included patients who were not being regularly followed, the possible selection bias of analyzing just the ones that were more handicapped was as much as possible avoided.
In a meta-analysis that reviewed 227 studies regarding behavioral and cognitive outcome of preterm infants with birth weight inferior to 2,500 grams it was observed that children who were born preterm are at risk for lower cognitive scores and their immaturity at birth is directly proportional to the mean cognitive scores at school age, and an increased incidence of ADHD was also observed. 7 In a cross-cultural study involving preterm newborns from four different countries, similar higher scores for ADHD were observed and biological mechanisms related to prematurity were suggested to contribute to this outcome.
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The Conners' scale is widely used in children and adolescents from different countries and cultures to evaluate behavior and predictors of ADHD. In the last 5 years, 250 articles cited in MEDLINE used this scale and, among them, three were used in previous preterm newborns. In those studies preterm newborns with birth weight below 2,500, 1,500 and 1,000 grams were included. In all of them, and similar to our findings, an increased risk for ADHD behaviors was observed, and in the last one this risk was associated with motor disabilities previously observed at 2 years of age.
Previous studies have also showed that prematurity influences cognitive outcome and that the cognitive deficits tend to be lately observed, especially those affecting cognitive functions. Several authors agree when they state that low birth weight preterm children have a worse performance in intelligence tests. 8, 9, 21, [27] [28] [29] Méio et al. 8 have analyzed, in southeastern Brazil, a group of preterm children with birth weight below 1,500 grams who have obtained slightly lower IQ scores than those observed in our sample. Perhaps the slightly better results from our cohort were due to the fact that nearly 70% had birth weight between 1,500 and 2,500 grams.
Our results showed a relation between lower gestational age and emotional problems. This increased incidence of behavioral problems in preterm babies was previously reported by several authors, 4, 20, 29, 30 and these problems could reflect even in adolescence. 31 Low birth weight preterm infants have deficits in the cognitive and motor performance, and these aspects impact on their education and quality of life. 4 As it has been reported before, in a population of southern Brazil, prematurity and low birth weight were considerable risk factors for developmental delay. 32 In a previous study, of this same cohort, we have observed a higher risk of language acquisition delay. Furthermore, the ones with language delay had also lower cognitive and behavior scores than the ones with normal language acquisition. 33 It is clear that preterm children at school age continue to show significant deficits in several areas, correlating with motor and cognitive performances. 10 Our findings suggest that low birth weight preterm newborns, even in a birth range predominantly between 1,500 and 2,500 grams, have a considerable high prevalence of cognitive and behavioral disorders (including predictors of ADHD)
at preschool age, when compared to controls described in the literature. Our results also agree with data from other cohorts studied at similar ages, such as the EPICure study, in which the results obtained revealed 41% of cognitive impairment at 6 years of age. 30 However, in this specific study, these results were easily understood as the sample focused on preterm newborns with less than 26 weeks of GA.
We have also shown that suspicion for this outcome could be early detected during follow-up using the Bayley Mental
Scale between 12-24 months. This finding agrees with the United Kingdom study, in which the authors also found lower scores of Bayley mental children who had been preterm and born with low birth weight.
The main contribution of this study was to show an increased risk of behavioral problems, even in late preterm newborns, which can be early suspected during follow-up.
Additionally, the introduction of a scale that has a good sensitivity for ADHD and behavioral problems in a population with high risk for this dysfunction seems to be helpful.
Considering that higher rates of survival for low birth weight preterm babies were being achieved, even in developing countries, the results of this study, which should be confirmed by further studies in larger populations including controls, may contribute to improve planning of health management and educational needs for this high risk population in a developing country.
